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NOTATION 

- vehicle  vertical  acceleration  near  center  of  gravity, 
ft/s2 

- vehicle  vertical  acceleration  near  bow,  ft/s2 

- vehicle  heave  acceleration,  ft/s2 

- vehicle  pitch  angular  acceleration,  rad/s2 

- average  heave  force  within  an  interval,  lb 

- bag  heave  force,  lb 

- cushion  heave  force,  lb 

- vehicle  moment  of  inertia  about  pitch  axis  = 38,740 
slug-ft2 

- obstacle  length,  ft 

- vehicle  length,  ft 

- vehicle  mass  (=  W/g) , slugs 

- average  pitch  moment  within  an  interval,  lb-ft 

- bag  pitch  moment,  lb-ft 

- cushion  pitch  moment,  lb-ft 

- thrust  pitch  moment,  lb-ft 

- cushion  gage  pressures,  forward  starboard  compartment, 
lb/ft2 

- cushion  gage  pressures,  forward  port  compartment, 
lb/ft2 

- cushion  gage  pressures,  rear  port  compartment,  lb/ft2 

- cushion  gage  pressures,  rear  starboard  compartment, 
lb/ft2 

- distance  from  center  of  gravity  to  a^  accelerometer,  ft 

- distance  from  center  of  gravity  to  a2  accelerometer,  ft 

- impact,  venting,  or  slamming  time  interval,  s 

- vehicle  weight  = 16,240  lb 
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INTRODUCTION 

The  Advanced  Research  Projects  Agency  (ARPA)  has  established 
the  high-speed  surface  effect  vehicle  (SEV)  as  an  attractive  con- 
cept for  operation  in  the  Arctic  region.  The  vehicle  must  have 
long-range  capability  to  enable  it  to  traverse  the  thousands  of 
unoccupied  miles  in  the  Arctic. 

In  order  for  this  vehicle  to  be  feasible,  it  must  have  a ride 
quality  which  is  tolerable  to  its  crew.  Thus,  it  is  necessary  to 
develop  motion  prediction  techniques  to  be  used  as  vehicle  design 
aids.  A vehicle's  dynamic  motion  is  determined  by  a complex 
interaction  of  its  cushion  system  with  the  terrain  over  which  it 
is  passing.  The  major  items  involved  in  this  interaction  are 
the  cushion/fan  elements  and  the  bag  which  defines  the  cushion 
geometry.  In  most  analyses,  the  assumption  is  made  that  the 
vehicle  motion  is  small;  no  attention  is  paid  to  the  forces 
transmitted  to  the  vehicle  due  to  bag  contact  with  the  terrain, 
and  only  cushion  pressure  changes  are  considered. 

The  purpose  of  this  report  is  to  provide  a data  base  for  bag 
effects,  since  this  topic  has  not  previously  been  evaluated.  A 
method  is  developed  for  calculating  the  bag  heave  forces  and 
pitch  moments  from  vehicle  acceleration  and  cushion  pressure 
data.  The  bag  forces  and  moments  computed  in  this  report  repre- 
sent the  difference  between  measured  cushion  force  and  apparent 
total  forces,  as  computed  from  vehicle  accelerations.  This 
method  is  applied  to  previously  reported  data1  for  discrete 
obstacles.  The  results  of  these  calculations  are  used  (1)  to 
develop  a detailed  physical  description  of  the  cushion  system/ 
obstacle  interaction  and  (2)  to  provide  generalized  bag  effects 
data  for  use  as  correction  factors  to  analytical  models  of 
vehicle  dynamics  based  on  cushion  pressures  only.  Bag  effects 
are  considered  significant  when  they  are  of  the  same  order  of 
magnitude  as  cushion  effects. 

No  related  references  are  available  to  be  used  as  guidelines 
in  the  analysis  and  presentation  of  this  material.  It  is  hoped 
that  the  methodology  chosen  proves  to  be  useful  in  terms  of 
applying  the  bag  results  to  augment  previous  analyses  not 
accounting  for  bag  effects. 


1 Superscripts  refer  to  similarly  numbered  entries  in  the  Technical 
References  at  the  end  of  the  text. 
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The  bag  and  cushion  effects  analyses  are  made  with  pre- 
viously reported  data.1  These  data  were  obtained  from  a series 
of  static  and  dynamic  tests  conducted  on  a refurbished  and 
winterized  SK-5  at  the  Naval  Arctic  Research  Laboratory,  Poi.>t 
Barrow,  Alaska.  The  SK-5  is  an  8-ton  SEV,  having  an  overall 
length  of  38-1/2  feet  and  a beam  of  24  feet.  The  SK-5  is 
powered  by  a General  Electric  LM  100  marine  gas  turbine  engine. 
Propulsion  is  provided  by  a four-bladed,  9-foot-diameter,  Dowty- 
Rotol  propeller  and  lift  by  a 7- foot-diameter  Westland  Aircraft 
Limited  centrifugal  fan.  Both  propeller  and  fan  are  combined  on 
the  same  shaft,  with  vehicle  speed  being  controlled  by  using  the 
propeller  variable-pitch  mechanism.  The  skirt  system  is  a bag- 
finger  type  and  air  is  continuously  feed  to  it  and  to  the  air 
cushion  by  the  fan.  A more  detailed  description  of  the  vehicle 
and  of  the  objectives  of  the  SK-5  test  program  is  contained  in 
the  Program  Overview. 2 

The  experimental  data1  were  obtained  while  the  SK-5  was 
crossing  different  size  obstacles  at  various  speeds.  The  obstacles 
considered  for  this  analysis  were  the  2-foot-high  barrels  and  the 
4-foot-high  pile  of  beach  gravel.  Sketches  of  these  obstacles 
are  contained  in  figure  1.  In  both  cases,  the  obstacle's  lateral 
dimension  exceeds  the  beam  dimension  of  the  SK-5.  The  length  of 
the  barrel  obstacle  (2  feet)  is  small  in  relation  to  the  vehicle's 
length  (38-1/2  feet)  but  the  length  of  the  gavel  obstacle  (16  feet) 
is  not. 

The  overall  cushion  height  of  the  SK-5  is  approximately  5 
feet  plus  a 6-inch  air  gap.  The  5-foot  cushion  height  includes  a 
1-foot-high  finger.  The  obstacles  thus  provided  a reasonable 
height  variation  when  compared  to  the  characteristic  vehicle 
dimensions. 

The  data1  include  vehicle  accelerations  and  cushion  compart- 
ent  pressures  digitized  from  an  analog  tape  in  0.01-second 
intervals.  Figure  2 illustrates  the  location  of  the  accelero- 
meters and  pressure  transducers  used  to  obtain  the  data.  The 
gage  pressures,  Py,  P2,  P3»  and  P4 , are  measured  in  the  four 
cushion  compartments.  The  accelerations  near  the  craft  center 
of  gravity  (eg)  and  bow  are  designated  ay,  and  a2,  respectively. 

Table  1 lists  the  pertinent  identification  of  the  data  used 
in  this  report.  This  detailed  information  is  given  to  facilitate 
synchronization  of  data  in  which  this  report  with  data  appearing 
in  other  reports. 
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TABLE  1 

IDENTIFICATION  OF  DATA  USED  IN  BAG/CUSHION 

ANALYSIS 


It 

Analog 

Analog 

Digital 

Digital 

Vehicle 

Obstacle 

Tape 

Run 

Tape 

File 

Velocity* 

Height 

Reference 

No 

No. 

No. 

No. 

knots 

ft 

Time** 

• » 

32835 

1 

CB1316 

9 

15 

4 

09/09/13.00 

5 

11 

17 

09/32/17.25 

6 

12 

20 

09/34/46.00 

/ 

13 

25 

09/37/08.00 

8 

14 

26 

09/39/49.50 

9 

15 

27 

09/45/06.00 

10 

16 

30 

09/48/39.00 

11 

17 

32 

09/52/30.50 

1 

f 

11A 

1 

t 

18 

32 

f 

11/03/02.50 

« w 

12 

19 

16 

11/10/43.50 

1 - 

32828 

2 

CB0222 

8 

14 

2 

09/40/15.50 

« • 

3 

10 

19 

09/56/29.50 

3A 

11 

17 

11/11/50.50 

4 

12 

31 

11/29/51.50 

5 

14 

34 

11/40/20.00 

6 

16 

21 

11/55/14.00 

7 

17 

13 

11/06/33.00 

' 

t 

8 

1 

19 

12 

1 

11/08/42.00 

* 

These  velocities 

have  been  calculated  from  the  24 

and  450  frame 

per 

second  16 -mm 

movies. 

** 

This 

time  is 

given  to  provide 

an  absolute  time  reference  for  i 

all 

SK-5  data. 

It  facilitates 

synchronization  of 

this  data  with 

I 

other  data  taken 

at  the  same  time  but  appearing  in  other  reports. 

The 

time  given  in  this  column 

corresponds  with  the  0.00  point  1 

or  first  piece  of  data  in  each 

graph  of  appendix  i* 

• The  time 

1 • 

is  taken  from  the  analog  tape. 

DATA  ANALYSIS 

The  data  are  analyzed  to  yield  heave  forces  and  pitch  moments. 
The  vehicle  motion,  in  response  to  the  net  forces  and  moments 
acting  on  it  while  traversing  the  obstacle,  is  calculated  from  the 
accelerations  a^,  and  a2»  Solid  body  translation  and  rotation  is 
assumed.  The  heave  forces  and  pitch  moments  acting  on  the  vehicle, 
due  to  cushion  pressure  changes,  are  calculated  from  the  gage 
pressures  P]_,  P2,  P3,  and  P4.  In  this  calculation,  the  cushion 
compartment  areas  are  assumed  constant.  (Evaluation  of  the 
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15-mm*  film  of  the  crossings  and  analysis  of  the  bag  geometry 
show  that  the  maximum  cushion-area  change  is  10%  for  short  periods 
of  time.)  The  remaining  forces  and  moments  acting  on  the  vehicle 
are  due  to  bag  contact  with  the  ground  and  are  calculated  from 
the  equations  of  motion.  Figure  3 shows  a diagram  useful  for 
explaining  the  data  reduction. 


J wy 

ft* 


SOLID  BOUNDARIES 
DEFINE  THE  FOUR 
CUSHION 
COMPARTMENTS 


• KEEL  BAG 


STARBOARD  SIDE 


•TRANSVERSE  STABILOTY  BAG 


Figure  3 

Data  Reduction  Rationale 


* Abbreviations  used  in  this  text  are  from  the  GPO  Style  Manual 
1973,  unless  otherwise  noted. 
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VEHICLE  HEAVE/PITCH  MOTION 


Referring  to  figure  3,  the  accelerations  (ax,  a2)  have  two 
components,  one  related  to  heave  and  the  other  to  pitch.  The 
heave  component  for  a1  and  a2 , is  the  same  (ay)  while  the  pitch 
components  are  proportional  to  the  distance  frbm  the  center  of 
gravity;  specifically: 

a]_  = ay  + r^_  a cos  0 

and 


a o — a. 


+ r2  a cos  0. 


The  above  can  be  solved  for  a,  the  angular  acceleration  of 
the  vehicle,  to  give 


a 


a2  ~ al 

(r2  “ cos  0 


If  the  angle  0 is  assumed  to  be  small  then, 


0 


a2  ~ al 
r2  - rl 


t 


and  the  heave  acceleration  a , is 


a 

y 


ai  - ri 


(a2  ~ al) 
(r2  - rl) 


Thus  the  heave  acceleration  (ay)  and  pitch  angular  acceleration 
(ct)  are  calculated  from  the  da"ta  (a]_,  a2)  and  the  distances 
(rl,  r2)  (obtainable  from  figure  2) . 
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CUSHION  HEAVE  FORCE/PITCH  MOMENT 
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The  cushion  heave  force  <FCUSH)  is  obtained  by  summing  the 
products  of  cushion  compartment  pressures  and  areas.  Referring  to 
figure  3, 


FCUSH 


Ai  + A2  + A3 


4. 

[ P3  + 

lA  1 

I 

l 2 i 

4 

' 1 

The  cushion  pitch  moment  acting  on  the  vehicle  is  given  by 


mCUSH  “ 


Pi  + P2 


Alxl  + a2x2  " a3x3 


p3  + P4' 
2 


/ 


A4X4  , 


where  x^ , x2 , x3,  and  x4  are  the  absolute  horizontal  distances 
between  the  center  of  gravity  of  the  vehicle  and  the  centroids  of 
the  respective  areas. 

BAG  HEAVE  FORCE/PITCH  MOMENT 

In  the  heave  equation  of  motion,  the  heave  forces  are  made 
up  of  cushion  and  bag  forces;  that  is, 


fCUSH  + fBAG  - m a. 


The  mass  of  the  vehicle  <m)  is  known^  and  it  has  been  shown 
how  the  cushion  heave  force  and  vehicle  heave  acceleration  can  be 
calculated  from  the  data.  Thus,  the  bag  force  can  be  calculated 
from  the  heave  equation  of  motion.  It  is  the  remainder  when 
cushion  forces  are  subtracted  from  the  total  force  on  the  vehicle, 
as  indicated  by  the  heave  acceleration. 

Before  the  vehicle  comes  in  contact  with  the  obstacle,  the 
bag  force  is  essentially  zero  since  little  bag  contact  with  the 
ground  occurs,  thus  the  vehicle  motion  is  controlled  by  the 
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cushion  pressure.  This  fact  is  utilized  to  make  a small  correction 
to  the  data.  This  correction  accounts  for  either  an  error  in 
cushion  pressure  or  in  calculation  of  cushion  area  or  both. 

The  pitch  equation  of  motion  for  the  vehicle  is: 


!cush  + mbag  + MTHRUST  - 1 a- 


The  calculation  of  the  cushion  moment  and  angular  accelera- 
tion has  been  discussed.  Unfortunately,  data  supplied  by  the 
thrust  strain-gage  type  sensor  were  found  to  be  random;1  thus,  the 
thrust  moment  is  not  known.  It  is  known  that  the  thrust  during 
the  pass  over  the  obstacle  was  relatively  constant  since  the 
propeller  pitch  was  fixed  and  engine  speed  remained  constant.1  A 
constant  thrust  moment  will  be  balanced  by  an  equal  but  opposite 
cushion  moment  at  some  small  trim  angle  of  the  vehicle.  The 
vehicle's  pitch  motion  is  unaffected.  For  calculation  purposes, 
an  average  thrust  moment  for  the  propeller,  in  the  range  of  15  to 
30  knots,  is  substituted  into  the  equation.  The  moment  of  inertia 
(I)  is  known.  The  bag  pitch  moment  is  calculated  from  the  pitch 
equation  of  motion.  It  is  the  remainder  when  cushion  moments  are 
subtracted  from  the  total  moment  on  the  vehicle,  as  indicated  by 
the  pitch  accelerations. 

CALCULATIONS 

The  many  calculations  were  performed  with  the  aid  of  previously 
developed  SK-5  data-reduction  computer  programs.1  Modifications 
made  to  these  programs  include  the  previously  described  calculations 
and  provisions  for  plotting  the  bag/cushion  heave  forces  and  pitch 
moments  as  a function  of  time.  The  results  were  all  plotted  on 
the  Cal  Comp  plotter*  and  are  contained  in  their  entirety  in 
appendix  A.  Typical  force  and  moment  plots  are  shown  in  figures 
4 and  5 for  discussion  purposes.  Note  that  the  forces  and  moments 
have  been  presented  in  dimensionless  form  for  convenience.  The 
heave  forces  are  normalized  with  respect  to  the  weight  of  the 
vehicle  (-  15,400  pounds).  Normalizing  the  pitch  moments  was  not 
as  straightforward.  A reference-tipping  moment  (the  nose-down 
moment  which  would  occur  if  the  vehicle  were  to  extend  over  a 
shelf  and  the  front  cushion  compartments  were  completely  vented) 
was  found  to  be  convenient. 


* The  Cal  Comp  plotter  is  a graphical  pen  plotting  system  compatible 
with  Fortran-oriented  computer  programs.  The  NSRDC  plotter  is 
driven  offline  through  magnetic  tape  units. 
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Typical  Bag/Cushion  Heave  Force  Results 
(2-Foot  Obstacle) 
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Figure  5 

Typical  Bag/Cushion  Pitch  Moment  Results 
(2-Foot  Obstacle) 
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This  reference-tipping  moment  is  given  by  the  product  of 
half  the  vehicle  weight  (assumed  to  be  uniformly  distributed) 
times  the  distance  from  the  pitch  axis  to  the  centroid  of  the 
area;  specifically, 


M _ W 

Mref  “ 2 T 


where 

W = the  vehicle  weight 

£v  = the  vehicle  length  Uv/4  being  the  moment  arm) 

Mref  = 77,000  ft-lb  for  the  SK-5. 

REFERENCE  TIMES 

Some  reference  times  were  established  to  facilitate  data 
analysis.  These  times,  defined  below,  are  contained  in  fiqures 
4 and  5. 

tQ  = obstacle  is  encountered 
ti  = vehicle  bow  reaches  obstacle  midpoint 
t2  = vehicle  transverse  stability  bag  reaches 
obstacle  midpoint 

t3  = vehicle  stern  bag  reaches  obstacle  midpoint 
t4  - vehicle  stern  bag  reaches  the  end  of  obstacle. 

These  times  can  all  be  calculated  based  on  knowledge  of  the 

vehicle  s velocity  and  the  geometry  of  the  vehicle  and  the  obstacle 
For  example, 


fc4  fco  + v fco  + 


^v  + ^o 


where  SLQ  = obstacle  length. 

For  the  case  of  the  2-foot  obstacle,  the  times  ti  and  to  are 
approximately  the  same  as  tQ  and  t4 , respectively,  since  the  length 
o . the  2-foot  obstacle  is  small.  Table  2 lists  the  reference  times 
for  all  the  data. 
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TABLE  2 

OBSTACLE  CROSSING  REFERENCE  TIMES 


D igital 

Tape 

No. 


CB1316 


♦ 


CB0222 


♦ 


■ 

Vehicle 

Velocity 

knots 

Obstacle 

Encountered 

Bow  Reaches 

Obstacle 

Midpoint 

T ransverse 
S tability 
Bag  Reaches 
Obstacle 
M idpoint 

Stern  Bag 
peaches 
Obstacle 
Midpoint 

Stern  Bag 
Reaches 
End  of 
Obstacle 

tO 

fcl 

t2 

fc3 

fc4 

mm 

15 

0.18 

0.53 

1.19 

2.05 

2.33 

17 

1.05 

1.63 

2.39 

2.64 

20 

1.39 

1.66 

2.14 

2.80 

3.00 

25 

1.38 

1.59 

1.98 

2.50 

2.67 

26 

1.38 

1.58 

1.96 

2.46 

2.62 

SrH 

27 

1.70 

1.90 

2.26 

2.74 

2.90 

16 

30 

1.09 

1.27 

1.59 

2.03 

2.17 

17 

32 

1.59 

1.76 

2.06 

2.47 

2.60 

18 

32 

1.39 

1.56 

1.86 

2.27 

2.40 

19 

16 

0.99 

1.32 

1.93 

2.75 

3.00 

8 

14 

1.59 

1.63 

2.32 

3.26 

3.30 

10 

19 

1.59 

1.62 

2.14 

2.82 

2.85 

11 

17 

1.52 

1.55 

2.13 

2.90 

2.93 

12 

31 

1.39 

1.41 

1.72 

2.14 

2.16 

14 

34 

1.02 

1.04 

1.32 

1.71 

1.73 

16 

21 

0.98 

1.01 

1.47 

2.09 

2.12 

17 

13 

C . 98 

1.02 

1.78 

2.78 

2.82 

19 

12 

1.10 

1.15 

1.96 

3.05 

3.10 

Note  that  during  the  period  of  time  before  tQ,  the  value  of 
the  cushion  heave  force  is  approximately  unity  and  the  bag  heave 
force  is  approximately  zero.  This  is  typical  of  all  the  data  and 
is  obtained  by  making  the  small  correction  to  the  data  previously 
discussed.  These  corrections  averaged  about  5%  of  the  vehicle 
weight.  Corrections  to  the  moment  data  (figure  5)  have  not  been 
made;  therefore,  the  bag  and  cushion  moments  are  not  zero  in  the 
time  interval  before  the  obstacle  is  encountered.  The  reason  for 
this  is  the  unknown  thrust  moment  and  small  errors  in  cushion 
pressure  and  cushion  area  which  cannot  be  as  easily  corrected  in 
the  pitch  sense  as  they  were  in  the  heave  sense.  The  appropriate 
moment  corrections  are  best  made  during  correlation  of  the  data. 

DISCUSSION  OF  RESULTS 

The  results  of  all  the  heave  force  and  pitch  moment 
calculations  are  contained  in  appendix  A.  A discussion  and 
analysis  of  this  data  is  necessary  in  order  to  draw  meaningful 
conclusions  from  it.  A brief  examination  of  these  results 
reveals  many  similarities  in  the  data.  A preview  of  some 
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representative  data  for  both  obstacles  is  necessary  to  acquaint 
the  reader  with  the  data  and  to  verify  that  it  bears  a physical 
relationship  to  the  cushion/obstacle  interaction.  Figures  6 and 
7 are  representative  of  the  4-foot  obstacle  data  as  figures  4 and 
5 are  of  the  2-foot  obstacle  data. 
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Figure  6 

Typical  Bag/Cushion  Heave  Force  Results 
(4-Foot  Obstacle) 
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The  first  major  trend  (impact)  in  both  heave  and  pitch  occurs 
from  tQ  to  sometime  between  t^  and  t2»  The  time  period  in  pitch 
is  somewhat  longer  than  the  one  in  heave.  The  vehicle  makes 
contact  with  the  obstacle  at  tQ/  and  pressures  begin  to  rise  in 
the  front  and  rear  cushion  compartments  because  air  is  being 
forced  into  them  from  the  compressed  bag.  The  bag/finger  skirt 
of  the  SK-5  is  one  continuous  manifold  (except  at  the  stern)  and 
has  openings  into  all  cushion  compartments.  The  fron,t  compart- 
ments, being  closer  to  the  point  of  impact,  receive  more  air 
than  the  rear  compartments  and  therefore  experience  a faster 
pressure  rise.  Also,  the  volumes  of  the  front  cushion  compart- 
ments are  being  somewhat  decreased  at  impact,  which  further 
steepens  thear  pressure  rise.  The  positive  pressure  trend 
(positive-heave  force)  extends  until  sometime  after  t^  when  the 
front  cushion  compartments  begin  to  vent.  The  end  point  of  the 
first  heave-force  interval  (I)  is  the  time  that  cushion  forces 
and  moments  cross  the  equilibrium  values.  A review  of  the  16-mm 
movies  of  the  obstacle  crossings  shows  that  the  bow  bag  tends  to 
drag  on  the  obstacle  during  impact,  then  release  suddenly  some- 
time after  t^  but  before  t2-  Bag  heave  forces  are  generally 
calculated  to  be  positive  during  this  first  interval,  as  would 
be  expected,  due  to  the  compression  of  the  bag  in  the  bow  area. 
Some  discrete  negative  bag  forces  are  calculated  during  this 
interval  as  well  as  in  others.  A small  downward  force  could 
occur  immediately  upon  impact  due  the  predominance  of  shear 
force  on  the  bow  bag  before  a large  amount  of  bag  compression 
occurs.  Such  a force  appears  in  figure  4 at  about  t^  for  the 
2-foot  obstacle.  This  occurance  is  not  evident  in  any  of  the 
4-foot  obstacle  data  or  in  the  low  velocity  2-foot  obstacle 
data.  Further  discussions  of  negative  bag  forces  appear  else- 
where . 

Cushion  moments  are  positive  in  the  first  moment  interval, 
due  to  the  accelerated  pressure  rise  occurring  in  the  front 
compartments.  The  sense  of  the  bag  moment  is  determined  by  the 
direction  of  the  bag  force  resultant  at  the  bow  during  impact. 

The  second  major  trend  (venting)  occurs  in  a time  interval 
beginning  sometime  between  t^  and  t2-  The  second  heave  interval 
(II)  is  much  larger  in  duration  than  the  pitch  interval.  At 
sometime  after  t^,  the  front  cushion  compartments  begin  to  vent 
as  the  bow  bag  releases  from  the  top  of  the  obstacle.  At  this 
time,  the  cushion  heave  force  drops  suddenly  below  the  equilib- 
rium value.  In  the  case  of  the  4-foot  obstacle  (figure  6) , later 
venting  of  the  rear  compartments,  coupled  with  only  partial 
sealing  of  the  front  cushion  compartments,  combine  to  hold  the 
cushion  heave  force  below  the  equilibrium  value  until  sometime 
after  t4  when  all  compartments  seal.  The  sealing  of  the  front 
compartment  occurs  between  t2  and  t3,  as  shown  by  the  rise  in 
the  cushion  heave  force  in  both  the  2-and  4-foot  cases.  In  the 
case  of  the  2-foot  obstacle,  the  sealing  of  the  front  compartments 
is  evidently  complete  since  within  the  second  interval  the  heave 
force  exceeds  the  equilibrium  value.  The  second  interval  for 


PAS-74-27 


15 


r 


pitch  is  short  compared  to  the  heave  interval  and  ends  sometime 
between  t2  and  t3«  The  second  pitch  interval  represents  the 
negative  cushion  moment  due  to  venting  of  the  front  cushion  com- 
partments. Bag  moments  in  the  pitch  interval  should  be  positive 
since  the  obstacle  is  forward  of  the  center  of  gravity  during 
most  of  this  interval,  and  heave  force  data  show  that  a large 
portion  of  vehicle  weight  is  being  supported  by  the  bag. 

It  is  of  interest  that  some  rather  large  oscillations  in  bag 
moment  occur  within  this  interval.  These  oscillations  occur  at 
around  t2  where  only  small  bag  moment  effects  are  expected  since 
the  obstacle  is  centered  under  the  vehicle.  (It  should  be  recalled 
that  bag  moments  and  forces  are  being  calculated  from  accelerometer 
data.)  Examination  of  these  oscillations  reveals  that  their  period 
is  independent  of  craft  speed  and  corresponds  to  a 13.7-Hz  struc- 
tural resonance  measured  at  the  bow  of  the  SK-5  in  a mechanical 
shake  test. 4 This  structural  resonance  appears  to  some  degree 
in  all  of  the  bag  moment  data  and  to  a lesser  extent  in  the  bag 
heave  force  data.  Negative  bag  forces  occurring  in  the  data  can 
be  due  to  this  structural  resonance  effect.  It  is  most  apparent 
at  t2  when  approximately  half  of  the  vehicle  is  effectively 
cantilevered  due  to  the  complete  venting  of  the  front  cushion 
compartments.  The  moment  data  calculated  within  the  venting 
interval  (II)  is  affected  by  this  resonance.  In  the  other  two 
intervals,  the  resonance  effects  are  small. 

The  third  major  trend  (slamming)  is  associated  with  the 
resealing  of  the  cushion  after  venting  has  occurred.  In  heave, 
this  trend  occurs  in  a time  interval  (III)  beginning  sometime 
after  when  all  four  cushion  compartments  seal.  During  the 
slamming  interval,  the  pressure  is  rising  in  all  four  cushion 
compartments  due  to  the  sealing  of  the  cushion  and  the  cushion 
force  is  positive.  The  bag  force  is  also  positive  as  the  cushion 
is  compressed  during  sealing.  In  examining  figures  4 and  6,  it 
can  be  seen  that  the  bag  force  characteristic  is  very  similar  in 
shape  to  the  cushion  force  characteristic.  It  can  be  noted  that 
some  structural  resonance  effects  are  present  at  this  time.  In 
pitch,  the  slamming  interval  (III)  begins  after  t2  when  partial 
sealing  of  the  front  cushion  compartments  has  begun  and  the 
transverse  stability  bag  has  passed  the  obstacle  midpoint 
initiating  venting  in  the  rear  cushion  compartments.  These  comple- 
mentary effects  impose  a large  positive  cushion  moment  on  the  craft 
as  shown  in  figures  5 and  7.  In  this  interval,  the  bag  moment  is 
first  negative  as  the  rear  section  of  the  craft  is  on  the  obstacle 
and  compression  of  the  bag  by  the  obstacle  causes  a moment  in  the 
negative  sense.  As  the  front  cushion  sealing  progresses  and  bow 
bag  compression  occurs,  the  bag  moment  becomes  positive  within 
the  slamming  interval. 
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The  typical  data  preview  has  shown  that  the  cushion/baq 
heave  forces  and  pitch  moments  are  related  to  the  cushion/obstacle 
interaction.  It  now  remains  to  correlate  the  data  in  a manner 
which  allows  for  generalization  of  the  results. 

TREND  TIME  INTERVALS 

The  first  items  to  be  examined  are  the  impact,  venting,  and 
slamminq  time  intervais.  As  previously  stated,  the  end  points  of 
these  intervals  are  arbitrarily  determined  by  the  crossing  of  the 
cushion  force/moment  curves  with  the  equilibrium  heave  force  and 
pitch  moment.  The  time  intervals  represent  a convenient  way  of 
grouping  the  data  but  are  subject  to  errors  of  judgment.  Correla- 
tions of  these  time  intervals  with  vehicle  velocity  are  shown  in 

rA?UreA!*  ThS  timeS  shown  in  fi9ure  8 are  the  time  intervals 
( Atj , Atjj,  AtIIT)  and  the  total  time  (AtT)  for  the  three  time 
intervals.  These  data  appear  in  tables  3 and  4.  The  time- 
interval  data  is  correlated  in  figure  8 by  dividing  them  by  a 
reference  time  interval  (t4  - tQ)  associated  with  the  vehicle 
length  and  obstacle  length;  that  is, 


t4  - tQ  = 


*v  + *o 
V 


~ 4-v,Thf  correlations  of  figure  8 are  good  and  show  the  similarity 
of  the  data  from  run  to  run,  thus  justifying  the  choice  of  time 
intervals.  The  correlations  show  that  the  heave  and  pitch  impact 
intervals  (I)  are  about  the  same  and  vary  from  10%  to  40%  of  the 
reference  time  interval.  The  heave  venting  interval  (II)  is 
approximately  80%  of  the  reference  interval,  while  the  pitch 
venting  intervai  (n)  is  about  half  that  duration.  This  is  due 
to  the  fact  that  repressurization  of  the  front  cushion  compart- 
ments, coupled  with  venting  of  the  rear  cushion  compartments, 
causes  positive  moments  and  negative  heave  forces;  thus,  the 
period  of  time  while  this  is  occurring  is  called  venting  in  heave, 
but  siamming  m pitch.  It  follows  then  that  the  slamming  interval 
(III)  in  heave  will  be  smaller  than  in  pitch,  and  this  is  verified 
in  rigure  8.  The  heave  slamming  inte.vval  approaches  50%  of  the 
reference  interval  while  the  pitch  irterval  approaches  90%.  The 
total  time  intervals  for  both  heave  and  pitch  (Atm)  are  about  the 
same.  At  the  lower  velocities,  AtT  is  about  equal  to  the 
reference  interval  while  at  the  higher  speeds  AtT  approaches  1.5 
times  the  reference  interval. 


At/(t4-to)  At/(t«-t0) 


V - VEHICLE  SPEED,  KNOTS  V - VEHICLE  SPEED,  KNOTS 


Figure  8 

Correlations  of  the  Impact,  Venting  and 
Slamming  Time  Intervals 
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TABLE  3 

CUSHION  HEAVE-FORCE  DATA  SUMMARY 


Digital 

Tape 

No. 

Digital 

File 

No. 

Vehicle 

I 

II 

III 

Velocity 

knots 

At  j 

F/W 

Atn 

F/W 

Atm 

F/W 

CB1316 

9 

15  ! 

0.14 

0.075 

1.85 

-0.410 

0.18 

0.148 

11 

17 

0.28 

0.070 

1.52 

-0.351 

0.20 

0.200 

12 

20 

0.41 

0.110 

1.42 

-0.381 

0.33 

0.179 

13 

25 

0.37 

0.157 

1.36 

-0.411 

0.30 

0.221 

14 

26 

0.40 

0.228 

1.14 

-0.418 

0.32 

0.239 

15 

27 

0.35 

0.221 

1.11 

-0.415 

Q.  38 

0.200 

16 

30 

0.36 

0.342 

0.90 

-0.497 

0.47 

0.231 

17 

32 

0.33 

0.411 

0.76 

-0.594 

0.56 

0.290 

18 

32 

0.30 

0.375 

0.82 

-0.547 

0.31 

0.275 

< 

t 

19 

16 

0.41 

0.096 

1.68 

-0.346 

0.19 

0.289 

CB0222 

8 

14 

0.17 

0.119 

1.36 

-0.091 

0.04 

0.041 

10 

19 

0.16 

0.166 

0.97 

-0.115 

0.28 

0.061 

11 

17 

0.15 

0.198 

0.97 

-0.084 

0.05 

0.071 

12 

31 

0.16 

0.310 

0.61 

-0.238 

0.11 

0.333 

14 

34 

0.13 

0.414 

0.56 

-0.321 

0.15 

0.337 

16 

21 

0.17 

0.240 

0.95 

-0.128 

0.24 

0.161 

17 

13 

0.19 

0.113 

1.50 

-0.091 

0.11 

0.045 

t 

19 

12 

0.19 

0.075 

1.30 

-0.076 

0.05 

0.034 

TABLE  4 

CUSHION  PITCH  MOMENT  DATA  SUMMARY 


Digital 

Tape 

No. 

Digital 

File 

No. 

Vehicle 

Velocity 

knots 

I 

II 

III 

A t j 

“/“ref 

Atn 

M/Mref 

AtIII 

"*ref 

CB1316 

9 

15 

0.58 

0.  091 

0.65 

-0.651 

0.96 

0.215 

11 

17 

0.72 

0.083 

0.55 

-0.675 

0,75 

0.225 

12 

20 

0.56 

0.209 

0.50 

-0.890 

0.77 

0.345 

13 

25 

0.52 

0.201 

0.45 

-0.836 

0.76 

0.308 

14 

26 

0.49 

0.288 

0.32 

-1.074 

0.81 

0.428 

15 

27 

0.45 

0.257 

0.34 

-1.003 

0.73 

0.469 

16 

30 

0.48 

0.  331 

0.27 

-0.932 

0.91 

0.  410 

17 

32 

0.41 

0.399 

0.26 

-0.911 

0.89 

0.334 

18 

32 

0.38 

0.350 

0.26 

-0.857 

0.90 

0.275 

t 

19 

16 

0.65 

0.179 

0.55 

-0.703 

0.84 

0.212 

CBO 

222 

8 

14 

0.17 

0.062 

0.77 

-0.096 

0.94 

0.196 

10 

19 

0.24 

0.069 

0.39 

-0.186 

0.94 

0.242 

11 

17 

0.25 

0.113 

0.38 

-0.163 

0.91 

0.265 

12 

31 

0.19 

0.194 

0.28 

-0.553 

0.66 

0.281 

14 

34 

0.13 

0.263 

0.29 

-0.516 

0.60 

0.349 

16 

21 

0.27 

0.163 

0.30 

-0.505 

0.86 

0.244 

17 

13 

0.21 

0.073 

0.55 

-0.206 

0.81 

0.191 

t 

19 

12 

0.35 

0.046 

0.64 

-0.116 

- 

- 
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HEAVE  FORCES 

The  next  items  to  be  examined  are  the  average  heave  forces 
of  tables  3 and  5.  The  heave  forces  tabulated  are  differentials 
from  the  equilibrium  value.  Correlations  of  these  forces  with 
vehicle  speed  are  shown  in  figure  9 with  the  three  intervals  of 
interest. 
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TABLE  5 

BAG  HEAVE  FORCE  DATA  SUMMARY 


Digital 

Tape 

No. 

Vehicle 

Velocity 

knots 

I 

II 

III 

t> 

rt 

M 

F/W 

Atn 

F/W 

AtII] 

F/W 

CB1316 

9 

15 

0.14 

-0.027 

1.85 

0.262 

0.18 

0.157 

11 

17 

0.28 

0.  002 

1.52 

0.227 

0.20 

0.155 

12 

20 

0.41 

0.  072 

1.42 

0.246 

0.33 

0.226 

13 

25 

0.37 

0.142 

1.36 

0.262 

0.30 

0.239 

14 

26 

0.40 

0.170 

1.14 

0.204 

0.32 

0.304 

15 

27 

0.35 

0.217 

1.11 

0.178 

0.38 

0.328 

16 

30 

0.36 

0.180 

0.90 

0.128 

0.47 

0.278 

17 

32 

0.33 

0.169 

0.76 

0.085 

0.56 

0.182 

10 

32 

0.30 

0.150 

0.82 

0.108 

0.31 

0.286 

19 

16 

0.41 

0.089 

1.68 

0.237 

0.19 

0.227 

CB0222 

8 

14 

0.17 

0.059 

1.36 

0.075 

0.04 

-0.072 

10 

19 

0.16 

0.062 

0.97 

0.090 

0.28 

0.029 

11 

17 

0.15 

0.022 

0.97 

0.054 

0.05 

-0.117 

12 

31 

0.16 

0.031 

0.61 

0.086 

0.11 

0.070 

14 

34 

0.13 

0.039 

0.  56 

0.059 

0.15 

0.066 

16 

21 

0.17 

0.052 

0.95 

0.096 

0.24 

0.110 

17 

13 

0.19 

0.068 

1.50 

0.063 

0.11 

0.012 

19 

12 

0.19 

0.050 

1.30 

0.054 

0.05 

0.115 

In  figure  9,  the  circles  represent  cushion  heave-force  data 
and  the  triangles  represent  bag  heave  force  data.  The  empty  symbols 
ussd  for  the  4-foot  obstacle  and  the  filled  symbols  are  used 
for  the  2-foot  obstacles.  When  the  interval  of  interest  was  less 
than  0.1  second,  the  bag  forces  were  not  plotted. 


In  the  impact  interval  (item  (a) , figure  9) , the  cushion 
forces  increase  with  velocity.  This  is  reasonable  since  both 
mechanisms  contributing  to  this  force  (bag  air  forced  into  the 
cushion  compartments  and  displacement  of  cushion  volume  by  the 
obstacle)  are  velocity  dependent.  It  is  interesting  that  the 
magnitude  of  average  cushion  heave  force  is  about  the  same  for 
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both  obstacles.  Significant  bag  forces,  on  the  order  of  50%  to 
100%  of  cushion  forces  are  calculated  for  the  4-foot  obstacle  but 
not  for  the  2-foot  obstacle.  This  could  be  because  the  air  gap 
and  fingers  are  forgiving  for  this  obstacle  size  and  smaller.  In 
the  impact  interval,  the  vehicle  heave  accelerations  will  then  be 
a function  of  obstacle  size  and  the  obstacle  size  affects  bag 
forces  more  than  cushion  forces. 


Item  (a)  - Impact  Interval,  I Item  (c)  - Slamming  Interval,  III 


I-em  (b)  - Venting  Interval,  II 


Figure  9 

Correlations  of  the  Impact,  Venting,  and 
Slamming  Heave  Forces 


In  the  venting  interval  (item  (b) , figure  9)  both  the  bag 
and  cushion  forces  are  functions  of  obstacle  size.  The  cushion 
force  in  this  interval  is  negative  since  the  pressure  in  the 
cushion  compartments  is  decreasing  due  to  the  venting.  At  the 
lower  speeds  (less  than  25  knots) , the  average  cushion  force  is 
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independent  of  speed  but  varies  significantly  with  obstacle  size 
since  venting  area  is  related  to  obstacle  size.  At  the  higher 
speeds,  !rhe  cushion  forces  have  some  velocity  dependence.  The 
16-mm  movies  show  that  the  vehicle  actually  does  some  "flying"  at 
speeds  of  25  knots  and  above;  that  is,  the  vehicle  has  enough 
momentum  to  remain  in  the  air  for  a period  of  time  after  it  has 
cleared  the  obstacle  midpoint,  the  flying  is  more  noticeable  with 
the  4-foot  obstacle  that  it  is  with  the  2-foot  one.  The  negative 
cushion  force  over  the  entire  venting  interval  causes  the  vehicle 
to  move  downward  and  bag  compression  and  therefore  bag  forces 
occur.  The  bag  forces  are  significant  (of  the  same  magnitude  as 
the  cushion  forces)  as  shown  in  item  (b)  of  figure  9.  It  is 
interesting  that  the  bag  force  for  the  4-foot  obstacle  case 
actually  decreases  at  the  higher  velocities.  This  is  again  due 
to  the  flying  of  the  vehicle,  preventing  the  bag  skirts  from 
ground  contact  over  a large  portion  of  the  venting  time  interval, 
and  thus  reducing  the  average  bag  heave  force  over  the  entire 
interval. 

Cushion  forces  and  bag  forces  in  the  slamming  interval  (item 
(c)  , figure  9)  are  very  similar  to  those  of  the  impact  interval. 

The  cushion  forces  increase  with  vehicle  velocity  and  appear  to 
be  independent  of  obstacle  size.  For  the  2-foot  obstacle,  bag 
heave  forces  are  insignificant;  however,  for  the  4-foot  obstacle 
they  are  of  the  same  order  of  magnitude  as  the  cushion  forces  as 
shown  in  item  (c)  of  figure  9.  This  large  bag  force  is  associated 
with  the  flying  of  the  vehicle  and  due  to  the  large  bag  compression 
which  occurs  as  the  vehicle  "lands,"  the  cushion  compartments  seal, 
and  a concurrent  rise  in  cushion  pressure  occurs. 

In  summary,  bag  heave  forces  are  significant  in  the  venting 
zone  for  the  2-foot  obstacle  case  where  the  obstacle-to-cushion 
height  ratio  is  about  1/2.  For  the  4-foot  obstacle,  where  the 
height  ratio  is  about  unity,  the  bag  heave  forces  are  significant 
in  all  three  zones.  Bag  forces  on  the  order  of  25%  of  vehicle 
weight  are  typical.  With  bag  pressures  on  the  order  of  50  lb/ft2, 
this  weight  can  be  supported  with  a 7-inch  uniform  bag  contact 
width.  Structural  resonance  effects  have  been  minimized  by  looking 
at  the  average  bag  heave  forces. 


PITCH  MOMENTS 

The  next  items  to  be  examined  are  the  average  pitch  moments 
of  tables  4 and  6.  The  moments  tabulated  are  differentials  from 
the  equilibrium  value.  Correlations  of  these  moments  with  vehicle 
speed  are  shown  in  figure  10  for  the  three  intervals  of  interest. 

In  figure  10,  the  circles  represent  cushion  pitch  moment  data  and 
the  triangles  represent  bag  pitch  moment  data.  The  empty  symbols 
are  used  for  the  4-foot  obstacle  and  the  filled  symbols  are  used 
for  the  2-foot  obstacle.  Again,  by  looking  at  the  average  moments, 
the  structural  resonance  effects  are  minimized. 
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TABLE  6 

BAG  PITCH  MOMENT  DATA  SUMMARY 


Digital 

Tape 

No. 

Digital 

File 

No. 

Vehicle 

Velocity 

knots 

I 



II 

III 

M/Mref 

AtII 

M/Mref 

AtIII 

M/M  - 
ref 

CB1316 

9 

15 

0.58 

0.045 

0.65 

-0.073 

0.96 

0.135 

11 

17 

0.72 

0.039 

0.55 

0.069 

0.  75 

0.297 

12 

20 

0.56 

0.041 

0.50 

0.086 

0.77 

0.245 

13 

25 

0.52 

0.015 

0.45 

0.093 

0.76 

0.238 

14 

26 

0.49 

0.033 

0.32 

0.221 

0.81 

0.137 

15 

27 

0.45 

0.063 

0.34 

0.182 

0.73 

0.123 

16 

30 

0.48 

-0.067 

0.27 

0.095 

0.91 

-0.005 

17 

32 

0.41 

-0.059 

0.26 

0.122 

0.89 

0.032 

18 

32 

0.38 

-0.103 

0.26 

0.170 

0.90 

0.007 

1 

f 

19 

16 

0.65 

0.005 

0.55 

0.127 

0.84 

0.140 

CB0222 

8 

14 

0.17 

-0.023 

0.77 

0.016 

0.94 

-0.121 

10 

19 

0.24 

-0.033 

0.39 

0.024 

0.94 

-0.124 

11 

17 

0.25 

-0.064 

0.38 

-0.005 

0.91 

-0.138 

12 

31 

0.19 

-0.042 

0.28 

0.042 

0.66 

-0.172 

14 

34 

0.13 

-0.111 

0.29 

0.027 

0.60 

-0.203 

16 

21 

0.27 

-0.053 

0.  30 

0.059 

0. 86 

-0.095 

17 

13 

0.21 

0 

0.5  5 

-0.005 

0.81 

-0.068 

> 

19 

12 

0.35 

i 0.034 

0.64 

0.005 

- 

- 

2 0.1 
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Figure  10 

Correlatior  s of  the  Impact,  Venting,  and 
Slamming  Pitch  Moments 


In  the  impact  interval  (item  (a) , figure  10)  , the  cushion 
moments  for  both  obstacles  increase  with  vehicle  velocity.  The 
cushion  moments  for  the  4- foot  obstacle  somewhat  exceed  those  of 
the  2-foot  obstacle.  Bag  moments  are  not  significant  in  this 
interval  for  either  obstacle,  although  some  small  negative  moments 
are  calculated,  possibly  due  to  shear  force  on  the  bag  when  in 
contact  with  the  ground  or  obstacle. 

In  the  venting  interval  (item  (b) , figure  10)  , the  cushion 
moments  are  again  dominant.  In  this  interval,  the  cushion  moments 
are  negative  due  to  the  venting  of  the  front  cushion  compartments. 
The  cushion  moments  increase  in  magnitude  with  velocity.  It  is 
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not  expected  that  this  moment  could  greatly  exceed  -1.0  (i.e.,  the 
reference  moment)  but  higher  velocity  data  would  be  necessary  to 
verify  this.  The  negative  cushion  moments  are  also  a function  of 
obstacle  size,  as  shown  in  item  (b) , figure  10.  Bag  moments  in 
the  venting  interval  are  not  significant  for  either  obstacle. 

The  slamming  interval  (item  (c) , figure  10)  is  similar  to  the 
impact  interval  except  that  some  significant  bag  moments  did 
exist  at  around  20-25  knots  for  the  4-foot  obstacle.  At  higher 
speeds,  the  cushion  moments  dominated.  Negative  bag  moments  were 
again  calculated  for  the  2-foot  obstacle  but  in  general  were  less 
than  50%  of  the  magnitude  of  the  cushion  moments. 

In  summary,  bag  pitch  moments  are  not  significant  for  the 
2-foot  obstacle  case,  although  in  the  impact  and  slamming  intervals 
the  bag  moment  tended  to  reduce  the  effect  of  the  cushion  moment. 

For  the  4-foot  obstacle,  a few  significant  bag  moments  appeared  in 
the  slamming  interval  over  the  narrow  speed  range  of  20-25  knots. 

The  bag  effects  are  more  important  in  heave  than  they  are  in  pitch. 

CONCLUSIONS 

A method  for  evaluating  the  magnitude  of  bag  effects  on  the 
vehicle  dynamics  of  an  SEV  has  been  developed.  The  method  involves 
the  calculation  of  bag  heave  forces  and  pitch  moments  from  vehicle 
acceleration  and  cushion  pressure  data.  The  method  has  been  applied 
to  an  SK-5  crossing  discrete  obstacles,  having  heights  equal  to  50% 
and  100%  of  the  cushion  height.  The  method  is  not  limited  to  dis- 
crete obstacles. 

A detailed  physical  description  of  the  cushion/obstacle  inter- 
action has  resulted  from  the  data  analysis.  Three  major  trends  - 
impact,  venting,  and  slamming  have  been  identified.  The  SK-5 
cushion  is  considered  representative  of  most  SEV  cushion  configu- 
rations . 

Structural  resonance  effects  have  been  identified  particularly 
at  the  time  when  the  front  cushion  compartments  are  venting  and  half 
the  vehicle  is  effectively  cantilevered.  The  resonance  effects 
prevent  the  accurate  calculation  of  maximum  bag  forces  and  moments. 
By  considering  average  forces  and  moments,  over  intervals  larger 
than  the  period  of  the  resonance,  the  effects  are  minimized. 

Bag  effects  (as  compared  to  cushion  effects)  are  important  in 
heave  but  not  in  pitch  for  the  cases  examined.  The  magnitudes  of 
the  bag  heave  forces  are  dependent  on  vehicle  velocity  and  obstacle 
size.  Average  bag  heave  forces  on  the  order  of  10%  and  25%  of 
vehicle  weight  are  typical  for  the  2-  and  4-foot  obstacles, 
respectively.  With  bag  pressures  on  the  order  of  50  lb/ft2,  a 
7-inch  uniform  bag  contact  width  will  support  25%  of  the  weight 
of  the  SK-5. 
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The  bag  effects  have  been  correlated  j.n  terms  of  obstacle 
size  and  vehicle  speed.  The  correlations  have  been  performed  for 
the  impact,  venting,  and  slamming  intervals  which  are  related  to 
cushion  geometry.  The  data  have  been  generalized  in  this  manner 
for  ease  of  application  as  a correction  factor  to  analytical 
models  of  vehicle  dynamics  based  on  cushion  pressures  only. 

RECOMMENDATIONS 

The  results  of  this  analysis  should  be  used  to  correct  the 
vehicle  dynamics  predictions  of  analytical  models  based  on  cushion 
pressures  only. 

More  such  detailed  analyses  of  cushion  system/obstacle  inter- 
action should  be  performed  using  the  reported  method  to  improve 
the  correction  capability  for  any  design. 
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APPENDIX  A 

PLOTS  OF  BAG/CUSHION  HEAVE  FORCES  AND  PITCH  MOMENTS 
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figure  1-A 

Bag/Cushion  Heave  porces  and  Pitch  Moments 
4-Foot  Obstacles  (15  Knots) 
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Figure  2-A 

Bag/Cushion  Heave  Forces  and  Pitch  Moments 
4-Foot  Obstacle  (17  Knots) 
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Figure  4-A 

Bag/Cushion  Heave  Forces  and  Pitch  Moments 
4-Foot  Obstacles  (25  Knots) 
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Figure  6-A 

Bag/Cushion  Heave  Forces  and  Pitch  Moments 
4-Foot  Obstacles  (27  Knots) 
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Figure  8-A 

Bag/Cushion  Heave  Forces  and  Pitclj  Moments 
4-Foot  Obstacles  (32  Knots) 
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Figure  9-A 

Bag/Cushion  Heave  Forces  and  Pitch  Moments 
4-Foot  Obstacles  (32  Knots) 
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Figure  10-A 

Bag/Cushion  Heave  Forces  and  Pitch  Moments 
4-Foot  Obstacles  (16  Knots) 
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Figure  11-A 

Bag/Cushion  Heave  Forces  and  Pitch  Moments 
2-Foot  Obstacles  (14  Knots) 
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Figure  15-A 

Bag/Cushion  Heave  Forces  and  Pitch  Moments 
2-Foot  Obstacles  (34  Knots) 
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Figure  lo-A 

Bag/Cushion  Heave  Forces  and  Pitch  Moments 
2-Foot  Obstacles  (21  Knots) 


PAS-74-27 


A-16 


150 


r j 

Figure  l8-A 

Bag/Cushion  Heave  Forces  and  Pitch  Moments 
2-Foot  Obstacles  (12  Knots) 
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